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(57) ABSTRACT

A blade inspection apparatus has a borescope and a PC. The
borescope has a distance sensor for detecting an insertion
length when an insertion section of the borescope is inserted
through a hole provided in a casing in which a rotor of an
engine is housed, an acceleration sensor for detecting an
attitude of the insertion section, and distance sensors for
detecting two distances from the insertion section to two
stator vanes on a stator. The PC compares the insertion length,
attitude and two distances detected in the borescope with the
insertion length, attitude and two distances relating to an
inspection image stored in a HDD. When a match occurs
therebetween, the PC outputs match information.
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1
BLADE INSPECTION APPARATUS AND
BLADE INSPECTION METHOD

CROSS REFERENCE TO RELATED
APPLICATION

This application claims benefit of Japanese Application
No. 2013-157926 filed in Japan on Jul. 30, 2013, the entire
contents of which are incorporated herein by this reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a blade inspection appara-
tus and a blade inspection method for inspecting blades of an
engine.

2. Description of the Related Art

Inspections of blades of jet engines or the like have been
conventionally performed. An inspector performs a blade
inspection, for example, by inserting an insertion section of a
borescope, i.e., an endoscope, into an engine from an access
port provided in the casing of the engine and by producing on
a monitor a display of an endoscopic image of a blade in the
engine.

An endoscopic apparatus has been proposed with which
automation of the inspection process (labor saving) is per-
formed so that the number of inspection process steps in
inspection of blades of an engine is reduced, as disclosed in
Japanese Patent Application Laid-Open Publication No.
2007-163723, thereby enabling reduction of the complicat-
edness in an object inspection. Ordinarily, however, a blade
inspection is performed with a borescope held by an inspec-
tor.

When a defective is found in a blade by inspection, a need
may arise to produce an enlarged display of the defective
portion and examine the defective portion in detail, depend-
ing on the size of the defect. Therefore, borescopes of various
view angles are provided. An inspector first inspects a blade
through a large area by using a borescope of a wide view angle
and thereafter performs a detailed inspection by using a bore-
scope of a narrow view angle and displaying an enlarged
image of a defective portion on a monitor. An observation
window through which light is received from the object is
disposed in a distal end portion in the insertion section of the
borescope.

SUMMARY OF THE INVENTION

A blade inspection apparatus according to one aspect of the
present invention is a blade inspection apparatus for inspect-
ing a plurality of blades periodically disposed on a periphery
of a rotating shaft of a rotor of an engine and rotated on the
rotating shaft, the apparatus including a first attitude detection
section provided in a first endoscope having a first insertion
section, the first attitude detection section detecting a first
attitude of the first insertion section, and a first distance detec-
tion section provided in the first endoscope, the first distance
detection section detecting two first distances from the first
insertion section to two objects along two directions perpen-
dicular to an axis of the first insertion section and opposite to
each other.

A blade inspection method according to another aspect of
the present invention is a blade inspection method of inspect-
ing a plurality of blades periodically disposed on a periphery
of a rotating shaft of a rotor of an engine and rotated on the
rotating shaft, the method including detecting a first attitude
of a first insertion section of a first endoscope with a first
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2

attitude detection section provided in the first endoscope, and
detecting two first distances from the first insertion section to
two objects along two directions perpendicular to an axis of
the first insertion section and opposite to each other with a
first distance detection section provided in the first endo-
scope.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1isaperspective view for explaining a state of inspec-
tion of an engine according to a first embodiment of the
present invention;

FIG. 2 is a diagram for explaining the construction of a
borescope 11 according to the first embodiment;

FIG. 3 is a block diagram showing the circuit configuration
of the borescope 11 according to the first embodiment;

FIG. 4 is a block diagram showing the configuration of a
PC 12 according to the first embodiment;

FIG. 5 is a diagram for explaining the view angle of a
borescope 11A, which is comparatively wide, according to
the first embodiment;

FIG. 6 is a diagram for explaining the view angle of a
borescope 11B, which is narrower than that of the borescope
11A shown in FIG. 5, according to the first embodiment;

FIG. 7 is a schematic explanatory diagram for explaining
the difference between endoscopic images picked up with the
two borescopes differing in view angle according to the first
embodiment;

FIG. 8 is a flowchart showing an example of a flow of
recording processing according to the first embodiment when
the borescope 11 is inserted and an endoscopic image is
displayed and recorded;

FIG. 9 is a diagram showing an example of a graphical user
interface (GUI) displayed on the screen of an LCD 55 of the
PC 12 according to the first embodiment;

FIG. 10 is a flowchart showing an example of a flow of
recording processing according to the first embodiment when
a borescope 11 having a narrower view angle is inserted and
an inspection image is displayed and recorded while referring
to a recorded inspection image;

FIG. 11 is a flowchart showing an example of a flow of
recording processing according to the first embodiment when
a borescope 11 having a narrower view angle is inserted and
an inspection image is displayed and recorded while referring
to a recorded inspection image;

FIG. 12 is a perspective view of a portion of a stator S for
explaining a state where an insertion section 11a is inserted in
a casing C of an engine E according to the first embodiment;

FIG. 13 is diagram for explaining the state of the insertion
section 11a according to the first embodiment when one
stator vane Sv is seen along a direction perpendicular to an
axis of rotation Ax of a rotor in explanation of a state where
the insertion section 11a is inserted in the casing C of the
engine E;

FIG. 14 is a schematic diagram for explaining a movable
region MR for the insertion section 11a according to the first
embodiment;

FIG. 15 is a schematic diagram for explaining a position
change region for the image pickup optical center of a distal
end portion of the insertion section 11a according to the first
embodiment;

FIG. 16 is a diagram for explaining the relationship
between the position of an image pickup optical center Pc of
the insertion section 114 as seen in a direction along the axis
of rotation Ax and two distance values d11 and d12 according
to the first embodiment;
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FIG. 17 is a diagram showing the data structure of a pho-
tographing information recording file according to the first
embodiment;

FIG. 18 is a diagram showing the state of deviation of the
distal end portion of the insertion section 11a in a case where
the opening diameter of an insertion hole Fa of a fixing
implement F is large according to a second embodiment; and

FIG. 19 is a diagram showing the state of deviation of the
distal end portion of the insertion section 11a in a case where
the opening diameter of an insertion hole Fa of a fixing
implement Ff is small according to the second embodiment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiments of the present invention will be described
below with reference to the drawings.

First Embodiment
Entire Construction

FIG.11s a perspective view for explaining a state of inspec-
tion of an engine according to the present embodiment. In the
present embodiment, an engine E is a jet engine. Description
will be made of a case where a plurality of compressor blades
(hereinafter referred to simply as “blades™) in a compressor
portion provided at the rear of an air intake portion are
inspected with a blade inspection system. A turning tool T is
connected to the engine E to enable a rotor R (FIG. 13) on
which the plurality of blades are fixed to be rotated on an axis
of rotation Ax (FIG. 12).

Note that while an example of inspection of the compressor
blades is described below, inspection of other blades such as
turbine blades can also be performed with the blade inspec-
tion system 1 in the present embodiment in the same manner.

The blade inspection system 1 includes a borescope 11 and
apersonal computer (hereinafter referred to as “PC”) 12. The
borescope 11 and the PC 12 are connected to each other
through a signal cable (hereinafter referred to as “cable™) 13.
The borescope 11 has an insertion section 11a to be inserted
into the engine E having a plurality of blades B to be
inspected, and a grasping section 115 provided on a proximal
end portion of the insertion section 11a.

The turning tool T and the PC 12 are connected to each
other by a cable 14. The turning tool T is controlled according
to an instruction from the PC 12 so as to rotate the rotor.

A casing C of the engine E has a plurality of (three in this
example) access ports AP at predetermined positions. The
insertion section 11a of the borescope 11 is an elongated rigid
endoscope having such a diameter and length as to be capable
of'being inserted into the casing C through holes of any of the
access ports AP to enable observation of the plurality of
blades B disposed periodically about the axis of rotation Ax of
the rotor R of the engine E.

When the insertion section 11a of the borescope 11 is
inserted into the casing C, a fixing implement F is attached to
the access port AP through which the insertion section 11a is
to be inserted. The fixing implement F is an article of equip-
ment for supporting and fixing the insertion section 11a of the
borescope 11 at the position of the access port AP of the
casing C. That is, the fixing implement F is constructed so as
to be capable of being attached to the access port AP, to have
an insertion hole through which the insertion section 11a is
passed and to be capable of supporting the borescope 11.

The fixing implement F does not firmly fix the insertion
section 11a of the borescope 11. The fixing implement F
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4

supports the insertion section 11a in the insertion hole of the
fixing implement F while maintaining the insertion section
11a in a state of being fitted in the insertion hole with such a
degree of looseness that the position of the distal end portion
of the insertion section 1la can be changed, as described
below.

Accordingly, a user as an inspector who inspects blades can
insert the insertion section 11 into the insertion hole of the
fixing implement F, insert the insertion section 11a into the
engine E while holding the borescope 11 with his/her hand,
move the insertion section 11« to and fro along the insertion
direction in the engine E, and freely rotate the borescope 11
about the axis of the insertion section 11a. Further, the user
can change the position of the distal end portion of the inser-
tion section 11a.

As described above, the blade inspection system 1 is a
blade inspection apparatus for inspecting the plurality of
blades B periodically disposed about the axis of rotation Ax of
the rotor R of the engine E and rotating about the axis of
rotation Ax.

(Construction of the Borescope)

FIG. 2 is a diagram for explaining the construction of the
borescope 11.

An optical system for leading reflected light from an object
to an image pickup device is disposed in the insertion section
11a. This optical system has a mirror 21, an objective optical
system 22 and a relay optical system 23 disposed in the
insertion section 11a. The mirror 21 is an optical component
disposed in the distal end portion of the insertion section 11a.
The mirror 21 directs toward the grasping section 115 light
having entered through a glass plate 24 provided in an obser-
vation window 15 provided in a side surface of the distal end
portion of the insertion section 11a. The objective optical
system 22 is disposed in the insertion section 11a on the distal
end side. The objective optical system 22 is an optical com-
ponent for forming a real image of an object. The relay optical
system 23 is an optical component for transmitting an image
formed by the objective optical system 22 to the grasping
section 115.

Thus, the borescope 11 is a side-view type of endoscope
provided with the observation window 15 in the distal end
portion of the cylindrical insertion section 11« and the trans-
parent glass member 24 in the observation window 15, and
constructed so that light having been incident on the obser-
vation window 15 is incident on the mirror 21.

Note that an illumination device not illustrated is provided
in the borescope 11. An object in such a position as to be
opposed to the observation window 15 is illuminated with the
illumination device. For example, the illumination device is
constituted by a light source provided in the grasping section
115 and a light guide inserted in the insertion section 11a. The
illumination device is provided so that light from the light
source is emitted from the distal end portion of the insertion
section 11a toward an object.

Two distance sensors 31a and 315 are disposed in the
vicinity of the observation window 15 in the distal end portion
of'the insertion section 11a at a predetermined distance from
the observation window 15. The direction along which
reflected light from an object is incident on the mirror 21 is
perpendicular to a line connecting centers of the two distance
sensors 31a and 315. A distance sensor 32 is disposed in the
grasping section 115.

In the grasping section 115, an image pickup optical sys-
tem 25, a CCD 26, which is an image pickup device, an
acceleration sensor 27, an ID storage unit 28 and a commu-
nication control unit 29 are provided.
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The image pickup optical system 25 is an optical system
that forms on an image pickup surface of the CCD 26 an
object image emitted from the relay optical system 23. The
CCD 26, which is an area sensor, is a solid-state image pickup
device that makes photoelectric conversion of an object
image formed by the image pickup optical system 25.

Note that while the CCD 26 is provided in the grasping
section 115 and disposed so as to receive light having passed
through the optical system in the insertion section 11a in the
present embodiment, the CCD 26 may alternatively be pro-
vided in the distal end portion of the insertion section 11a.

The acceleration sensor 27 is a three-axis acceleration sen-
sor. The communication control unit 29 calculates an angle of
elevation [} which is an inclination of the borescope 11 from
the direction of gravity g and an angle of rotation y of the
borescope 11 about the axis from outputs from the accelera-
tion sensor 27, as described below.

The ID storage unit 28 is a storage unit that stores a scope
1D as information for identification of the borescope 11.

The communication control unit 29 includes a central pro-
cessing unit (CPU) and a communication interface unit. The
configuration of the communication control unit 29 is
described later.

The distance sensors 31a, 315, and 32 are sensors that
sense the distances to a surface of objects existing at such
positions as to be opposed to the sensors. The distance sensors
31a, 315, and 32 are, for example, each a PSD distance sensor
having a light source element that projects a spot of light and
a position sensitive detector (PSD) element that detects the
position of the centroid of a received spot of light. The PSD
distance sensor detects the distance to the object by using the
principle of triangulation.

In the present embodiment, the distance sensors 31a and
3156 are detection units that are disposed at positions on the
surface of the insertion section 11a symmetric about the axis
of the insertion section 11a, and that respectively detect the
distances to objects existing opposite from each other along a
direction perpendicular to the axis of the insertion section
11a.

Accordingly, when as shown in FIG. 2 the insertion section
11a is positioned between two objects B1 and OB2 so that the
two distance sensors 31a and 315 can detect distances d1 and
d2 to the two objects OB1 and OB2, the distance sensor 31a
detects the distance d1 from the surface of the insertion sec-
tion 11a to a surface OS1 of the first object OB1, and the
distance sensor 315 detects the distance d2 from the surface of
the insertion section 114 to a surface OS2 of the second object
OB2. Each of the two distance sensors 31a and 315 measures
the distance, for example, in a range of about 10 to 50 mm.
That is, the distance sensors 31a and 315 are provided in the
borescope 11, which is an endoscope, and constitute distance
detectionunits that detect the two distances from the insertion
section 11a to two objects (stator vanes Sv provided on a
stator S of the engine E in this example) along two directions
opposite to each other and perpendicular to the axis of the
insertion section 11a.

In the present embodiment, the insertion section 11a is
inserted between two stator vanes Sv of a stator S (FIG. 12) as
described below. Accordingly, the surface OS1 of the first
object OB is a surface of one stator vane Sv1 and the surface
OS2 of the second object OB2 is a surface of the stator vane
Sv2 adjacent to the first object OS1.

As described above, the two distance sensors 31a and 315
are provided on the side surface of the distal end portion of the
insertion section 11a. The direction toward the object Bl
detected with the distance sensor 31a is perpendicular to the
axis of the insertion section 11a and is opposite to the direc-
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tion toward the object OB2 detected with the distance sensor
315. The distance sensor 31a detects the distance d1 to the
surface OS1, and the distance sensor 315 detects the distance
d2 to the surface OS2.

The distance sensor 32 is provided on a surface 1151 of the
grasping section 115 on the insertion section 11a side (i.e., on
the distal end side). As shown in FIG. 2, the distance sensor 32
detects a distance d3 from the surface 1151 on the insertion
section 11a side, i.e., on the distal end side, to a surface OS3
of'the fixing implement F. That is, when the insertion section
11a is inserted into the engine E, the distance sensor 32
outputs a detection signal according to the distance to the
surface OS3 ofthe fixing implement F. The distance sensor 32
measures the distance, for example, in a range of about 300
mm at the maximum. The communication control unit 29
calculates an insertion length L of the insertion section 11a
based on the detection output from the distance sensor 32, as
described below.

That is, the distance sensor 32 and the communication
control unit 29 are provided in the borescope 11, which is the
endoscope having the insertion section 11a, and constitute an
insertion length detection unit that detects the insertion length
L of the insertion section 11a when the insertion section 11a
is inserted from the access port AP, which is a hole provided
in the casing C in which the rotor R is housed.

Note that while a PSD distance sensor is used as distance
sensor 32 in the present embodiment, the system may alter-
natively be such that an encoder RE such as a roller encoder
is provided on the fixing implement F, for example, as indi-
cated by a broken line in FIG. 2; an output from the roller
encoder RE is supplied to the PC 12 through a signal line led
out from the roller encoder RE; and the insertion length L of
the insertion section 11a is calculated from the output from
the roller encoder RE in the PC 12.

Detection signals from the three distance sensors 314, 315,
and 32 and an image signal from the CCD 26 and respective
detection signals from the acceleration sensor 27 and a scope
1D signal from the ID storage unit 28 are inputted to the
communication control unit 29.

FIG. 3 is a block diagram showing the circuit configuration
of the borescope 11. The communication control unit 29
includes a control unit 41, a communication interface unit
(hereinafter referred to as “communication I/F”’) 42 con-
nected to a signal line 134 in the cable 13 for the purpose of
communicating with the PC 12, and an image transmitting
unit 43 connected to a signal line 1356 for transmitting the
image signal from the CCD 26 to the PC 12. The communi-
cation I/F 42 is connected to the control unit 41 and to the
signal line 13a in the cable 13 connected to the PC 12.

The control unit 41 includes a central processing unit
(CPU), a ROM and a RAM, is supplied with output signals
from the various sensors, executes a predetermined calcula-
tion process and outputs predetermined sorts of information
to the PC 12 through the communication I/F 42.

The CCD 26, the acceleration sensor 27, the ID storage unit
28 and the distance sensors 31a, 315, and 32 are connected to
the control unit 41.

The control unit 41 is supplied with the scope ID for the
borescope 11 from the ID storage unit 28 and is also supplied
with detection signals from the acceleration sensor 27 and the
distance sensors 31a, 315, and 32.

The control unit 41 supplies a drive signal to the CCD 26 to
drive the CCD 26.

The control unit 41 calculates the insertion length L. based
on the distance d3 corresponding to the detection signal from
the distance sensor 32.
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The insertion length L is the distance from a pivot point Ph,
which is assumed to correspond to a center of the insertion
hole in the fixing portion F, as shown in FIG. 2, and on which
the distal end portion of the insertion section 11a is moved in
a direction perpendicular to the axial direction, to an image
pickup optical center Pc when an image of an object is picked
up through the observation window 15.

The pivot point Ph in the fixing implement F is determined
in advance from the shape of the fixing implement F and the
shape of the insertion section 11a. The positional relationship
between the distance sensor 32 and the image pickup optical
center Pc is also determined in advance. Therefore, even
when the insertion section 11a is moved along the axial
direction, the control unit 41 can calculate the insertion
amount L from the distance d3 corresponding to the detection
output signal from the distance sensor 32.

Note that the insertion length [ may be determined with
reference to points other than the pivot point Ph and the image
pickup optical center Pc.

The control unit 41 also calculates, as attitude information
about the borescope 11, based on detection signals from the
acceleration sensor 27, the angle of elevation (3, which is an
inclination of the borescope 11 from the direction of gravity g,
and the angle of rotation y of the borescope 11 about the axis.

The acceleration sensor 27 outputs three detection signals
with respect to the direction of gravity g. Normalization pro-
cessing is performed on the three outputted detection signals,
and the angle of elevation [} and the angle of rotation vy are
calculated based on the three detection signals thereby nor-
malized. If three values Dx, Dy, and Dz are obtained by
normalizing the three detection signals from the acceleration
sensor 27, the angle of elevation B is cos™* (-Dz) and the angle
of rotation y is tan~* (-Dy/Dx). Accordingly, the acceleration
sensor 27 is provided in the borescope 11 to constitute an
attitude detection unit that detects the attitude of the insertion
section 11a. The attitude is defined with the angle of elevation
[, which is an inclination of the insertion section 11a from a
predetermined direction, and the angle of rotation y about the
axis of the insertion section 11a.

The control unit 41 calculates the distances d1 and d2 as
two distance information items based on the values of the
detection signals from the two distance sensors 31a and 315,
respectively.

The control unit 41 outputs, to the PC 12, in real time,
through the communication I/F 42, the insertion length L,
attitude information and distance information calculated
based on the detection signals from the respective sensors.

The image signal outputted from the CCD 26 is converted
into a digital signal in the image transmitting unit 43 and is
outputted from the signal line 135 in the cable 13. The image
transmitting unit 43 outputs the digital image signal in a
differential signal format such as LVDS to the signal line 13.
(Configuration of PC)

FIG. 4 is a block diagram showing the configuration of the
PC12. The PC 12 includes a central processing unit (herein-
after referred to as “CPU”) 51, a ROM 52, a RAM 53, a hard
disk drive (hereinafter referred to as “HDD”) 54 and a liquid
crystal display (hereinafter referred to as “LCD”) 55. The
CPU 51, the ROM 52 and the RAM 53 are connected to each
other by abus 56. The HDD 54 and the LCD 55 are connected
to the bus 56 through interfaces (hereinafter referred to as
“I/F”) 57 and 58, respectively.

The LCD 55 is a display with a touch panel. The CPU 51
can cause the LCD 55 to display an endoscopic image, a
predetermined menu view, a GUI view described below, and
the like and can detect a command input from a user by
receiving an output signal from the touch panel.
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The PC 12 further has I/Fs 59a and 595 to which the signal
lines 13a and 135 in the cable 13 are respectively connected.
The PC 12 communicates with the control unit 41 through the
I/F 59a, and receives image signals from the borescope 11
through the IN 5954. A user can display as inspection image an
image signal from the borescope 11 on the screen of the LCD
55 and can record the image signal in the HDD 54.

When an inspection image is recorded, the predetermined
sorts of information obtained from the detection signals from
the respective sensors or calculated with respect to the inspec-
tion image to be recorded are recorded together with the
inspection image in the HDD 54. Accordingly, the HDD 54
constitutes a storage unit that stores the insertion length L of
the insertion section 11a detected with the distance sensor 32
when a still image of a blade B picked up with the borescope
11 is obtained, the attitude of the insertion section 1la
detected with the acceleration sensor 27, and the two dis-
tances from the insertion section 11a detected with the two
distance sensors 31a and 315. In the present embodiment,
information including the insertion length L is recorded in
image data on the inspection image as EXIF information for
the image data, and the image data is stored in the HDD 54.

When the borescope 11 is connected to the PC 12 through
the cable 13, the control unit 41 in the borescope 11 transmits
the scope ID stored in the ID storage unit 28 to the PC 12 and
to the CPU 51. The PC 12 can thus obtain the scope ID for the
borescope 11.

The PC 12 can then obtain information on the insertion
length, the attitude and the distances in real time from the
borescope 11 through the communication I/F 59.
(Procedure of Inspection)

A user as an inspector who inspects blades first performs an
overall inspection of the blades by using a borescope of a wide
view angle. The user thereafter performs a detailed inspection
by using a borescope of a narrow view angle and by display-
ing an enlarged image of a defective portion found in the
preceding inspection.

FIGS. 5 and 6 are diagrams for explaining the difference in
view angle between borescopes. FIG. 5 is a diagram for
explaining the view angle of a borescope 11A, which is a
comparatively wide. FIG. 6 is a diagram for explaining the
view angle of a borescope 11B, which is narrower than that of
the borescope 11A shown in FIG. 5. FIG. 7 is a schematic
explanatory diagram for explaining the difference between
endoscopic images picked up with the two borescopes difter-
ing in view angle.

Common details and the difference between the bores-
copes 11A and 11B will be described. The borescopes 11A
and 11B are identical in external shape and size to each other.
Also, as shown in FIGS. 5 and 6, distances dg, and dz from
the image pickup optical centers Pc passing through the opti-
cal axis centers of the mirrors 21 to axes Al and A2 passing
through two central positions in the two distance sensors 31a
and 315 in the optical systems, as seen in side views of the
borescopes 11A and 11B along the axes Al and A2 passing
through the two central positions in the two distance sensors
31a and 315, are equal to each other. That is, the distance d,
from the image pickup optical center Pc of the mirror 21 to the
axis Al passing through the central positions in the two dis-
tance sensors 31a and 315 in the optical system of the bore-
scope 11A is equal to the distance d 5 from the image pickup
optical center Pc to the axis A2 passing through the center
positions in the distance sensors 31a and 315 in the borescope
11B.

The view angle o, of the borescope 11A shown in FIG. 5
is determined by the objective optical system 22, the relay
optical system 23 and the image pickup optical system 25 in
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the borescope 11A. Similarly, the view angle azz of the
borescope 11B shown in FIG. 6 is determined by the objective
optical system 22, the relay optical system 23 and the image
pickup optical system 25 in the borescope 11B. The view
angle oz, is larger than the view angle oz5.

Further, as shown in FIGS. 5 and 6, a viewing direction
angle o, , from the axial direction of the insertion section 11a
of the borescope 11A is equal to a viewing direction angle
o5 from the axial direction of the insertion section 11a of the
borescope 11B. Note that each of the viewing direction angle
ap, and the viewing direction angle o5 in the present
embodiment is 90 degrees.

That is, the borescope 11A has the insertion section 11a,
the distance sensor that detects the same insertion length L as
that detected by the distance sensor 32 of the borescope 11B,
the acceleration sensor that detects the same attitude as that
detected by the acceleration sensor 27 of the borescope 11B,
and the two distance sensors 31a and 315 that detect the same
two distances d1 and d2 as the borescope 11B.

As described above, the respective parameters of the two
borescopes 11A and 11B other than the view angles in the
image pickup optical systems are equal to each other. There-
fore, the image pickup optical centers Pc the two borescopes
11A and 11B in image pickup from an object coincide with
each other when the borescopes 11A and 11B have the same
insertion amount L. and the same viewing direction.

Referring to FIG. 7, an inspection image G1 is an image
picked up with the borescope 11A, and an inspection image
(G2 is an image picked up with the borescope 11B. Since the
view angle oz of the borescope 11B is smaller than the view
angle o, of the borescope 11 A, the inspection image G2 is an
enlarged image corresponding to a central portion of the
inspection image G1. In the endoscopic image G2 shown in
FIG. 7, a blank arrow in the inspection image G1 is enlarged.

If the insertion lengths of the insertion section 11a of the
borescope 11A and the insertion section 11a of the borescope
11B are equal to each other, and if the directions from the
image pickup optical centers Ps toward the object coincide
with each other, the central-portion images in the inspection
images G1 and G2 are images picked up from the same
position on the blade B, as shown in FIG. 7.

The blade inspection system 1 assists the user in operating
the borescope 11B so that after the user as an inspector has
first observed and inspected the blade B with the borescope
11A, the user can observe and inspect, by using the borescope
11B having a narrower view angle, and by enlarging the
image of the blade B, a defective portion found by inspection
with the borescope 11A.

(Function)

The operation of the blade inspection system 1 will be
described.

FIG. 8 is a flowchart showing an example of a flow of
recording processing when the borescope 11 is inserted and
an endoscopic image is displayed and recorded. A program
for recording processing shown in FIG. 8 is stored in the ROM
52 in the PC 12 and is read out and executed by the CPU 51.
FIG. 9 is a diagram showing an example of a graphical user
interface (GUI) displayed on the screen of the LCD 55 of the
PC12.

The configuration of the GUI (graphical user interface)
displayed on the screen of the LCD 55 of the PC 12 at the time
of blade inspection will first be described with reference to
FIG. 9.

As showninFI1G. 9,aGUI 61 displayed on the screen of the
LCD 55 of the PC 12 is a graphical user interface including
two image display portions 62A and 62B in which inspection
images are displayed, a scope ID display portions 63A and
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63B in which scope IDs are displayed, two insertion length
information display portions 64 A and 64B in which insertion
lengths are displayed, two attitude information display por-
tions 65A and 65B in which attitude information is displayed,
and two distance information display portions 66A and 66B
in which distance information is displayed.

The GUI 61 further includes match indicators 67, 68, and
69 each of which indicates a match between information
items in one of three sorts of information, an image record
button 70, an image call-up button 71, a backward button
72A, a forward button 72B, and a cancel button 73.

The image display portion 62A is a display area in which a
live inspection image in current inspection received from the
borescope 11 is displayed. The image display portion 62B is
a display area in which a still image from inspection images
recorded in the HDD 54 provided as a storage unit is dis-
played.

The scope ID display portions 63A and 63B are each a
display area in which the scope ID for the borescope 11 when
the corresponding one of inspection images displayed in the
image display portions 62A and 62B is being obtained or was
obtained is displayed.

The insertion length information display portions 64 A and
64B are each a display areas in which the insertion length L. of
the borescope 11 determined when the corresponding one of
inspection images displayed in the image display portions
62A and 62B is being obtained or was obtained is displayed.
Theinsertion length L. is a value calculated and transmitted by
the control unit 41 in the borescope 11 based on the output
from the distance sensor 32. In the insertion length informa-
tion display portion 64A, the insertion length [.1 determined
when an inspection image displayed in the image display
portion 62 A is being obtained or was obtained is displayed. In
the insertion length information display portion 64B, the
insertion length [.2 determined when an inspection image
displayed in the image display portion 62B was obtained is
displayed.

The attitude information display portions 65A and 65B are
each a display area in which attitude information about the
borescope 11 produced when the corresponding one of
inspection images respectively displayed in the image display
portions 62A and 62B was obtained is displayed. The
attribute information includes the angle of elevation [ which
is an inclination of the borescope 11 from the direction of
gravity g and the angle of rotation y about the axis, which
angles are calculated from the outputs from the acceleration
sensor 27. The attitude information display portion 65A has
two display areas in which the angle of elevation 1 and the
angle of rotation y1 determined when an inspection image
displayed in the image display portion 62A is being obtained
or was obtained are displayed. The attitude information dis-
play portion 65B also has two display areas in which the angle
of'elevation 2 and the angle of rotation y2 determined when
an inspection image displayed in the image display portion
62B was obtained are displayed.

The distance information display portions 66 A and 66B are
each a display area in which distance information obtained
from the outputs from the two distance sensors 31a and 315 of
the borescope 11 when the corresponding one of inspection
images displayed in the image display portions 62A and 62B
was obtained is displayed. The distance information is two
distances d1 and d2 calculated and transmitted by the control
unit 41 based on the outputs from the two distance sensors
31a and 315. The distance information display portion 66 A
has two display areas in which two distances d11 and d12
determined when an inspection image displayed in the image
display portion 62A is being obtained or was obtained are
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displayed. The distance information display portion 66B has
two display areas in which two distances d21 and d22 deter-
mined when an inspection image displayed in the image
display portion 62B was obtained are displayed. The dis-
tances d11 and d21 correspond to the distance d1 in FIG. 2,
and the distances d21 and d22 correspond to the distance d2 in
FIG. 2.

The match indicator 67 is a display portion that indicates a
match between the insertion length determined when an
inspection image in still image form displayed in the image
display portion 62B was obtained and the insertion length
relating to a live inspection image displayed in the image
display portion 62A, as described below. A match between
the two insertion lengths with an error within a predetermined
error range is indicated, for example, by changing the lumi-
nance or the color of the match indicator 67. Accordingly, a
match between the two insertion lengths implicates not only
a perfect match between the two insertion lengths but also a
match with an error within the predetermined error range.

In the present embodiment, the match indicator 67 indi-
cates, when red in color, that there is no match between the
insertion length relating to a still image and the insertion
length relating to a live image. When green in color, the match
indicator 67 indicates that there is a match between the inser-
tion length relating to a still image and the insertion length
relating to a live image.

The match indicator 68 is a display portion that indicates a
match between attitude information produced when an
inspection image in still image form displayed in the image
display portion 62B was obtained and attitude information
about a live inspection image displayed in the image display
portion 62A, as described below. A match between the two
groups of attitude information with an error within a prede-
termined error range is indicated, for example, by changing
the luminance or the color of the match indicator 68. Accord-
ingly, a match between the two groups of attitude information
implicates not only a perfect match between the two groups of
attitude information but also a match with an error within the
predetermined error range. Also, the match indicator 68 indi-
cates, when red in color, that there is no match between the
attitude relating to a still image and the attitude relating to a
live image. When green in color, the match indicator 68
indicates that there is a match between the attitude relating to
a still image and the attitude relating to a live image.

The match indicator 69 is a display portion that indicates a
match between distance information produced when an
inspection image in still image form displayed in the image
display portion 62B was obtained and distance information
about a live inspection image displayed in the image display
portion 62A, as described below. A match between the two
groups of distance information with an error within a prede-
termined error range is indicated, for example, by changing
the luminance or the color of the match indicator 69. Accord-
ingly, a match between the two groups of distance informa-
tion implicates not only a perfect match between the two
groups of distance information but also a match with an error
within the predetermined error range. Also, the match indi-
cator 69 indicates, when red in color, that there is no match
between distance information about a still image and distance
information about a live image. When green in color, the
match indicator 69 indicates that there is a match between
distance information relating to a still image and distance
information relating to a live image.

Note that the match indicator 67 may be not changed from
red to green when a match occurs between the insertion length
relating to a live inspection image and the insertion length
determined when an inspection image in still image form
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displayed in the image display portion 62B was obtained; the
match indicator 67 may be changed to a predetermined color,
for example, yellow when the insertion length relating to a
live inspection image enters a predetermined distance range
with respect to the insertion length determined when an
inspection image in still image form displayed in the image
display portion 62B was obtained, and may be thereafter
changed to green when a match occurs therebetween.

The colors of the other match indicators 68 and 69 may also
be changed in a similar way. The color of the match indicator
68 or 69 may be changed to a predetermined color, e.g.,
yellow when attitude information or distance information
about a live inspection image enters a predetermined value
range with respect to attitude information or distance infor-
mation produced when an inspection image in still image
form was obtained, and may be thereafter changed to green
when a match occurs therebetween.

The image record button 70 is a button displayed on the
LCD 55 and operated by being touched by a user when a still
image from a live image displayed in the image display por-
tion 62A is to be recorded, as described below.

The image call-up button 71 is a button displayed on the
LCD 55 and operated by being touched by a user when a still
image recorded in the HDD 54 is called up and displayed in
the image display portion 62B, as described below.

The backward button 72 A is a button displayed onthe LCD
55 and operated, when a plurality still images that are
recorded in the HDD 54 are called up, to display the still
image in the image display portion 62B by scrolling back
from one image to another in predetermined order, as
described below.

The forward button 72B is a button displayed on the LCD
55 and operated, when a plurality still images that are
recorded in the HDD 54 are called up, to display the still
image in the image display portion 62B by scrolling forward
from one image to another in predetermined order, as
described below.

The cancel button 73 is a button used by a user as an
inspector when the user cancels a command after selecting
the command.

The GUI 61 shown in FIG. 9 is displayed on the LCD 55 of
the PC 12, and a user inspects the blade B.

As shown in FIG. 8, the CPU 51 displays on the LCD 55 a
live inspection image (hereinafter referred to as “live
image”), which is a moving endoscopic image, based on the
image signal received from the borescope 11 (S1). The live
image is displayed in the image display portion 62A of the
GUI 61. At this time, since the scope ID is also received from
the control unit 41 in the borescope 11, the CPU 51 displays
the scope ID in the scope ID display portion 63A.

The CPU 51 then displays, in the insertion length informa-
tion display portion 64A, the attitude information display
portion 65A and the distance information display portion
66A, respectively, the insertion length, attitude information
and position information received in real time (S2).

The CPU 51 determines whether or not the image record
button 70 has been selected or touched (S3). If the image
record button 70 has not been selected (S3: NO), the process
returns to S1.

Ifthe image record button 70 has been selected (S3: YES),
the CPU 51 produces a still image from the received live
image and displays the still image in the image display por-
tion 62A (S4).

The CPU 51 then displays, in the insertion length informa-
tion display portion 64A, the attitude information display
portion 65A and the distance information display portion
66A, respectively, the insertion length, attitude information
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and position information produced when the still image dis-
played in the image display portion 62A was obtained (S5).

The CPU 51 determines whether or not the image record
button 70 has been again selected or touched (S6). If the
image record button 70 has not been selected (S6: NO), the
CPU 51 determines whether or not the cancel button 73 has
been selected (S7). If the cancel button 73 has been selected
(S7: YES), the process returns to S1. If the cancel button 73
has not been selected, no processing is performed.

If the image record button 70 has been selected (S6: YES),
the CPU 51 records, in the HDD 54 provided as a storage
device, the still image displayed in the image display portion
62A, the scope 1D, and the insertion length, the attitude infor-
mation and the position information relating to the still image
(S8). The scope 1D, the insertion length, the attitude informa-
tion and the position information are included as EXIF infor-
mation for image data in the image data and recorded in the
HDD 54.

The CPU 51 displays the recorded still image in the image
display portion 62B (S9), and displays, in the scope ID dis-
play portion 63B, the insertion length information display
portion 64B, the attitude information display portion 65B and
the distance information display portion 66B, respectively,
the scope 1D, the insertion length, the attitude information
and the position information produced when the still image
displayed in the image display portion 62B was obtained
(S10).

The user can thus record a still image from an inspection
image of the blade B in the engine E. The user can store a
plurality of inspection images in the HDD 54 as a result of
repeated execution of the process shown in FIG. 8.

For example, the process shown in FIG. 8 is performed by
using the borescope 11A having a comparatively wide view
angle to roughly inspect the blade B, and a still image con-
taining an image of a flawed portion is first recorded. To
observe or record by enlarging the flawed portion, the inspec-
tor draws out the borescope 11A from the access port AP and
inserts through the access port AP the borescope 11B having
a view angle narrower than that of the borescope 11A.

FIGS. 10 and 11 are flowcharts showing an example of a
flow of recording processing for displaying and recording
inspection images while inserting the borescope 11 having a
narrower view angle and referring to recorded inspection
images. A program for the recording process shown in FIGS.
10and 11 is stored in the ROM 52 and is read out and executed
by the CPU 51 in the PC 12.

When the image call-up button 71 of the GUI 61 is selected
or touched by the inspector, the process shown in FIGS. 10
and 11 is executed.

The CPU 51 first executes an image call-up process (S21).
A first inspection image, e.g., the earliest in the past in a time
series from the plurality of inspection images recorded in the
HDD 54 is displayed in the image display portion 62B. The
user can select a desirable one of the plurality of inspection
images recorded in the HDD 54 and display the selected
inspection image in the image display portion 62B by using
the forward button 72B and the backward button 72A.

When the inspection image selected by the user is dis-
played in the image display portion 62B, the scope ID, the
insertion length, the attitude information and the position
information relating to the inspection image are displayed in
the scope ID display portion 63B, the insertion length infor-
mation display portion 64B, the attitude information display
portion 65B and the distance information display portion
66B, respectively.

The user can thus display the recorded inspection image
and the scope 1D, the insertion length, the attitude informa-
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tion and the position information relating to the recorded
inspection image in the GUI 61.

While the user inserts the borescope 11B in the engine E,
the CPU 51 displays in the scope ID display portion 63 A the
scope ID received from the borescope 11B, displays a live
image in the image display portion 62A, and displays the
insertion length, attitude information and position informa-
tion relating to the live image in the insertion length informa-
tion display portion 64A, the attitude information display
portion 65A and the distance information display portion
66A, respectively, in real time (S22). When the borescope
11B is moved, not only the live image displayed in the display
portion 62A but also the display contents in the insertion
length information display portion 64 A, the attitude informa-
tion display portion 65A and the distance information display
portion 66A are changed in real time.

At this time, the CPU 51 determines whether there is a
match between the insertion length [.2 determined when the
inspection image in still image form displayed in the image
display portion 62B was obtained and the insertion length [.1
of the borescope 11B with which the current live image is
being obtained (S23). If there is no match therebetween (S23:
NO), the process returns to S22. Processing in S23 constitutes
an insertion length comparison section that makes a compari-
son between the insertion length L1 detected by the distance
sensor 32 of the borescope 11B and the insertion length 1.2
relating to the inspection image stored in HDD 54 and dis-
played in the image display portion 62B.

That is, in the user’s operation to insert the borescope 11B
so that the borescope 11B advances toward an inner portion of
the engine E, the user inserts the borescope 11B in the engine
E while checking whether or not the match indicator 67 is
changed from red to green, and stops the inserting operation
when the match indicator 67 is changed from red to green.

Note that in determination in S23 as to whether or not there
is a match between the two insertion lengths, it is determined
that there is a match between the two insertion lengths if the
insertion length L1 of the borescope 11B with which the
current live image is being obtained falls within a predeter-
mined allowable range with respect to the insertion length 1.2.
For example, if the insertion length .1 is within a range from
(L2-Akl1) to (L2+Ak1), it is determined that there is a match
between the two insertion lengths.

Ifthere is a match between the two insertion lengths (S23:
YES), the CPU 51 gives the match indicator 67 an indication
in a predetermined color, green in the present embodiment
(S24). When the color of the match indicator 67 is changed to
green, the user can recognize the match between the insertion
length [.2 determined when the inspection image displayed in
the image display portion 62B was obtained and the insertion
length .1 of the borescope 11B with which the current live
image is being obtained. Thus, processing in S24 constitutes
a match output section that outputs match information indi-
cating that there is a match between the insertion length [.1
detected by the distance sensor 32 of the borescope 11B and
the insertion length .2 relating to the inspection image stored
in the HDD 54 and displayed in the image display portion
62B. With the output of the predetermined match information
as a result of processing in S24, the indication (color in the
present embodiment) with the match indicator 67, which is a
predetermined mark displayed on the LCD 55 provided as a
display device, is changed.

Next, the user changes the attitude of the borescope 11B
while holding the borescope 11B so that the insertion length
L1 ofthe borescope 11B is not changed. The user changes the
attitude of the borescope 11B while checking whether or not
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the match indicator 68 is changed from red to green, and stops
the attitude changing operation when the match indicator 68
is changed from red to green.

The CPU 51 therefore determines whether there is a match
between the attitude determined when the inspection image in
still image form displayed in the image display portion 62B
was obtained and the attitude of the borescope 11B with
which the current live image is being obtained (S25). “A
match between the attitudes” refers to a match both in angle of
elevation and in angle of rotation.

If there is no match between the two attitudes (S25: NO),
the process returns to S22. Processing in S25 constitutes an
attitude comparison section that makes a comparison
between the attitude (the angle of elevation f§ and the angle of
rotation y in the present embodiment) detected by the accel-
eration sensor 27 of the borescope 11B and the attitude (the
angle of elevation § and the angle of rotation v in the present
embodiment) relating to the inspection image stored in the
HDD 54 and displayed in the image display portion 62B.

Note that in determination in S25 as to whether or not there
is a match between the two attitudes, it is determined that
there is a match between the two attitudes if the angle of
elevation [ and the angle of rotation y calculated from the
outputs from the acceleration sensor 27 of the borescope 11B
with which the current live image is being obtained fall within
predetermined allowable ranges with respect to the angle of
elevation [ and the angle of rotation y calculated from the
outputs from the acceleration sensor 27 with respect to the
inspection image displayed in the image display portion 62B.
For example, if the angle of elevation 1 of the borescope 11B
is within a range from (p2-Ak2) to (p2+Ak2) with respect to
the borescope 11A, and if the angle of rotation y1 of the
borescope 11B is within a range from (y2-Ak3) to (y2+Ak3)
with respect to the borescope 11A, it is determined that there
is a match between the two attitudes.

If there is a match between the two attitudes (S25: YES),
the CPU 51 gives the match indicator 68 an indication in a
predetermined color, green in the present embodiment (S26).
When the color of the match indicator 68 is green, the user
recognizes the match between the attitude determined when
the inspection image displayed in the image display portion
62B was obtained and the attitude of the borescope 11B with
which the current live image is being obtained.

Thus, processing in S26 constitutes a match output section
that outputs match information indicating that there is a
match between the attitude (the angle of elevation § and the
angle of rotation y in the present embodiment) detected by the
acceleration sensor 27 of the borescope 11B and the attitude
(the angle of elevation f§ and the angle of rotation y in the
present embodiment) relating to the inspection image stored
in the HDD 54 and displayed in the image display portion
62B. With the output of the predetermined match information
as a result of processing in S26, the indication (color in the
present embodiment) with the match indicator 68, which is a
predetermined mark displayed on the L.CD 55 provided as a
display device, is changed.

Next, the user changes the position of the distal end portion
of'the insertion section 11a of the borescope 11B while hold-
ing the borescope 11B so that the insertion length [.1 and the
attitude (the angle of elevation 1 and the angle of rotation y1)
of the borescope 11B are not changed. The user changes the
position of the borescope 11B while checking whether or not
the match indicator 69 is changed from red to green, and stops
the position changing operation when the match indicator 69
is changed from red to green.

The CPU 51 therefore determines whether there is a match
between the two distances d1 and d2 determined when the

10

25

30

35

40

45

55

65

16
inspection image in still image form displayed in the image
display portion 62B was obtained and the two distances d1
and d2 of the borescope 11B with which the current live
image is being obtained (S27).

Ifthere is a match between the two groups of the distances
(S27: YES), there is a match between the position of the
image pickup optical center Pc of the insertion section 11a of
the borescope 11A determined when the inspection image
displayed in the image display portion 62B was obtained and
the position of the image pickup optical center Pc of the
borescope 11B with which the current live image is being
obtained.

Processing in S27 constitutes a distance comparison sec-
tion that makes a comparison between the two distances d1
and d2 detected by the two distance sensors 31a and 315 of
the borescope 11B and the two distances d1 and d2 relating to
the inspection image stored in the HDD 54 and displayed in
the image display portion 62B.

The position of the distal end portion of the insertion sec-
tion 11a will be described below.

FIGS. 12 to 15 are diagrams for explaining the position of
the distal end portion of the insertion section 11a. FIG. 12 is
aperspective view of a portion of the stator S for explaining a
state where the insertion section 11« is inserted in the casing
C ofthe engine E. FIG. 13 is a diagram for explaining the state
of the insertion section 11a when one stator vane Sv is seen
along a direction perpendicular to the axis of rotation Ax of
the rotor in explanation of a state where the insertion section
11a is inserted in the casing C of the engine E. FIG. 14 is a
schematic diagram for explaining a movable region MR for
the insertion section 11a. FIG. 15 is a schematic diagram for
explaining a position change region for the image pickup
optical center of the distal end portion of the insertion section
11a.

As shown in FIGS. 12 and 13, the fixing implement F is
attached to the access port AP provided in the casing C, and
the insertion section 114 is passed through the insertion hole
in the fixing implement F. The insertion section 1la is
inserted toward an inner shroud SI by being passed through a
hole H provided in an outer shroud SO in the stator S.

In the stator S, a plurality of stator vanes Sv are provided
between the outer shroud SO and the inner shroud SI along
the circumferential directions of the cylindrical outer and
inner shrouds SO and SI. The insertion section 11a passed
through the hole H is inserted between the two stator vanes
Svl and Sv2.

The hole H in the form of a circular opening has such an
inside diameter that when the insertion section 11a is passed
through the hole H, a predetermined gap is formed between
the periphery of the insertion section 11a and an inner edge
portion of the hole H. Therefore, the user can move the distal
end portion of the insertion section 11a in a predetermined
region with the insertion section 11a as a pivot point Ph
corresponding to a center of the insertion hole of the fixing
implement F.

FIG. 14 shows a movable region MR for the insertion
section 11a in the engine E. The user can move the insertion
section 11a in the conical movable region MR indicated by
broken lines in FIG. 14.

If the borescope 11B has the same insertion length L and
attitude as those of the borescope 11A, the image pickup
optical center Pc of the insertion section 11a is positioned on
a circumference MRc of the bottom surface of the movable
region MR. That is, the region in which the insertion section
11a of the borescope 11B can be moved so as to keep both the
colors of the two match indicators 67 and 68 green after both
the colors of the two match indicators 67 and 68 are changed
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from red to green as a result of steps S24 and S26 is limited to
the circumference MRc of the bottom surface of the conical
movable region MR.

In other words, the region in which the user can change the
position of the image pickup optical center Pc of the insertion
section 11a of the borescope 11B while maintaining the bore-
scope 11B so that the insertion length and the attitude of the
borescope 11B are not changed is limited to the circumfer-
ence MRc of the bottom surface of the movable region MR.

Further, since the hole H in the outer shroud SO restricts the
movement of the insertion section 11q, the region in which
the image pickup optical center Pc ofthe insertion section 11a
of the borescope 11B can be moved is only part of the cir-
cumference MRc of the bottom surface of the conical mov-
able region MR. FIGS. 14 and 15 show that the region in
which the user can move the image pickup optical center Pc of
the insertion section 11a of the borescope 11B is limited to the
part between points PL1 and PL.2 on the circumference MRc.

Referring back to FIG. 10, while after S26 the user changes
the position of the image pickup optical center Pc of the
insertion section 11a of the borescope 11B while holding the
borescope 11B so that the insertion length and the attitude of
the borescope 11B are not changed, the CPU 51 executes in
real time the determination as to whether there is a match
between the two distance values d11 and d12 detected by the
two distance sensors 31a and 315 and the two distance values
d21 and d22 displayed in the distance information display
portion 66B. That is, after S26, the CPU 51 determines
whether there is a match between the two groups of distances
(S27).

Note that in determination in S27 as to whether or not there
is a match between the two groups of distances, it is deter-
mined that there is a match between the two groups of dis-
tances if the two distance values d11 and d12 detected by the
two distance sensors 31a and 315 of the borescope 11B with
which the current live image is being obtained fall within
predetermined allowable ranges with respect to the distances
d21 and d22 relating to the inspection image displayed in the
image display portion 62B. For example, if the two distance
values d11 and d12 are within a range from (d21-Ak3) to
(d21+Ak3) and a range from (d22-Ak3) to (d22+Ak3),
respectively, it is determined that there is a match between the
two groups of distances.

If there is no match between the two groups of distances
(827: NO), the process returns to S22. If there is a match
between the two groups of distances (S27: YES), the CPU 51
gives the match indicator 69 an indication in a predetermined
color, green in the present embodiment (S28).

For example, referring to FIG. 15, when the image pickup
optical center Pc of the insertion section 11q is located at a
point Pp in a case where the image pickup optical center Pc is
moved between the points PL1 and PL.2 on the circumference
MRc, a match may occur between the two distance values d11
and d12 detected by the two distance sensors 31a and 315 and
the two distance values d21 and d22 displayed in the distance
information display portion 66B. In such a case, at any one of
points other than the point Pp, e.g., points Ppl and Pp2, no
match occurs between the two distance values d11 and d12
detected by the two distance sensors 31a and 315 and the two
distance values d21 and d22 displayed in the distance infor-
mation display portion 66B.

FIG. 16 is a diagram for explaining the relationship
between the position of the image pickup optical center Pc of
the insertion section 114 as seen in a direction along the axis
of rotation Ax and the two distance values d11 and d12.

As shown in FIG. 16, the distance between two stator vanes
Sv1 and Sv2 is changed between a state where the position of
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the image pickup optical center Pc is closer to the axis of
rotation Ax and a state where the position of the image pickup
optical center Pc is remoter from the axis of rotation Ax.

For example, in comparison between when the image
pickup optical center Pc is positioned at an image pickup
optical center Pca at a distance ra from the axis of rotation Ax
and when the image pickup optical center Pc is positioned at
an image pickup optical center Pcb at a distance rb remoter
than the image pickup optical center Pca from the axis of
rotation Ax, a distance da between central portions of the two
stator vanes Sv1 and Sv2 at the image pickup optical center
Pca is shorter than a distance db between central portions of
the two stator vanes Sv1 and Sv2 at the image pickup optical
center Pcb. This is because the stator vanes Svl and Sv2
respectively extend radially from the center of the axis of
rotation Ax.

Similarly, in comparison between when the image pickup
optical center Pc is positioned at the image pickup optical
center Pcb at the distance rb from the axis of rotation Ax and
when the image pickup optical center Pc is positioned at an
image pickup optical center Pcc at a distance rc further
remoter than the image pickup optical center Pcb from the
axis of rotation Ax, the distance db between the central por-
tions of the two stator vanes Sv1 and Sv2 at the image pickup
optical center Pcb is shorter than a distance dc between cen-
tral portions of the two stator vanes Sv1 and Sv2 at the image
pickup optical center Pcc.

Conversely, if the insertion length L is increased, the dis-
tance between the two stator vanes Sv1 and Sv2 isreduced. As
shown in FIG. 16, the distance db between the central por-
tions of the stator vanes Svl and Sv2 when the insertion
length L is an insertion length Lsb is longer than the distance
da between the central portions of the stator vanes Svl and
Sv2 when the insertion length L is an insertion length Lsa
longer than the insertion length Lsb. Similarly, the distance dc
between the central portions of the stator vanes Sv1 and Sv2
when the insertion length L is an insertion length Lsc is longer
than the distance db between the central portions of the two
stator vanes Sv1 and Sv2 when the insertion length L is an
insertion length Lsb longer than the insertion length Lsc.

That is, if the insertion length L, the angle of elevation 3
and the angle of rotation y are the same as the insertion length
L, the angle of elevation f§ and the angle of rotation y in the
preceding inspection, a match occurs between the two dis-
tance values d21 and d22 detected by the two distance sensors
31a and 315 in the preceding inspection and the distance
values d11 and d12 detected by the two distance sensors 31a
and 315 of the borescope 11B only when the image pickup
optical center Pc is located at the point Pp.

Thus, the viewing direction from the image pickup optical
center Pcc is uniquely determined. In other words, the azi-
muth angle on the image pickup optical center Pcc is deter-
mined.

If a match occurs between two distance values dal2 and
da22 and the distance values d21 and d22 when the image
pickup optical center Pc is located at the point Pp, as shown in
FIG. 15, in a state where the borescope 11B is held so that the
insertion length and the attitude of the borescope 11B are not
changed, then no match occurs between two distance values
dall and da21 and the distance values d21 and d22, as shown
in FIG. 15, when the image pickup optical center Pc is located
at the point Ppl. Similarly, no match occurs between two
distance values dal3 and da23 and the distance values d21
and d22 when the image pickup optical center Pc is located at
the point Pp2.

Thatis, the two distance values d11 and d12 detected by the
two distance sensors 31a and 315 respectively match the two
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distance values d21 and d22 displayed in the distance infor-
mation display portion 66B only when the image pickup
optical center Pc is located at the point Pp.

If a match occurs between the two groups of distances
(S27: YES), the CPU 51 gives the match indicator 69 an
indication in a predetermined color, green in the present
embodiment (S28). When the color of the match indicator 69
is green, the user can recognize the match between the two
distance values d21 and d22 determined when the inspection
image displayed in the image display portion 62B was
obtained and the distance values d11 and d12 ofthe borescope
11B with which the current live image is being obtained.

Processing in S28 constitutes a match output section that,
based on the result of comparison in S27, outputs match
information indicating that there is a match between the two
distance values d1 and d2 detected by the two distance sen-
sors 31a and 315 of the borescope 11B and the two distance
values d1 and d2 relating to the inspection image stored in the
HDD 54 and displayed in the image display portion 62B.
With the output of the predetermined match information as a
result of processing in S28, the indication (color in the present
embodiment) with the match indicator 69, which is a prede-
termined mark displayed on the LCD 55 provided as a display
device, is changed.

In S24, S26, and S28 described above, the three match
indicators 67, 68, and 69 indicate matches in insertion length,
attitude and two distances d1 and d2, thereby enabling the
user to observe an enlarged image of the blade B at the same
position in the same viewing direction as at the time of obtain-
ing the still image.

After processing in S28, the CPU 51 determines whether or
not the image record button 70 has been selected or touched
(S29). If the image record button 70 has not been selected
(829: NO), the process returns to S22.

Ifthe image record button 70 has been selected (S29: YES),
the CPU 51 produces a still image from the received live
image and displays the still image in the image display por-
tion 62A (S30).

The CPU 51 displays, in the insertion length information
display portion 64 A, the attitude information display portion
65A and the distance information display portion 66A,
respectively, the insertion length, attitude information and
position information determined when the still image dis-
played in the image display portion 62A was obtained (S31).

The CPU 51 determines whether or not the image record
button 70 has been again selected or touched (S32). If the
image record button 70 has not been selected (S32: NO), the
CPU 51 determines whether or not the cancel button 73 has
been selected (S33). If the cancel button 73 has been selected
(S33:YES), the process returns to S22. If the cancel button 73
has not been selected, no processing is performed.

Ifthe image record button 70 has been selected (S32: YES),
the CPU 51 records, in the HDD 54 provided as a storage
device, the still image displayed in the image display portion
62 A, and the scope ID, the insertion length, the attitude infor-
mation and the position information relating to the still image
(S34).

As described above, the inspector can display on the LCD
55 a still image (enlarged still image) picked up at the same
position and in the same direction as the position and direc-
tion of the image pickup optical center Pc set when the
recorded inspection image was picked up, and can store the
sill image in the HDD 54.

In the present embodiment, the scope ID, the insertion
length, the attitude information and the position information
relating to the still image are recorded as EXIF information of
the image data in the HDD 54. However, the scope 1D, the
insertion length, the attitude information and the position
information may alternatively be recorded in a file such as
shown in FIG. 17, separately from the file for the still image.
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FIG. 17 is a diagram showing the data structure of a pho-
tographing information recording file. As shown in F1G. 17, a
photographing information recording file 81 has, as recording
items, an image 1D, a scope 1D, an insertion length, an angle
of'elevation, an angle of rotation, a first distance and a second
distance. The image ID is an image ID for image data on a still
image, i.e., information for association with image data on a
still image.

The scope 1D, insertion length, angle of elevation, angle of
rotation, first distance and second distance correspond to the
above-described scope ID, insertion length L, angle of eleva-
tion f3, angle of rotation vy, distance d21 and distance d22. In
S8, S22, and S34 described above, these sorts of information
including the scope ID are recorded in or read out from the
photographing information recording file 81.

In the present embodiment, as described above, a blade
inspection apparatus and method can be implemented that
enable, in blade inspection, observation of a blade at the same
position and in the same viewing direction as at the time of
image pickup from the blade already performed to obtain an
inspection image.

Second Embodiment

The blade inspection apparatus in the first embodiment is
constructed so that a blade can be observed at the same
position and in the same viewing direction as at the time of
taking a still image to be recorded, based on the insertion
length L, the angle of elevation {3, the angle of rotation y, and
the two distances d1 and d2. A blade inspection apparatus in
a second embodiment of the present invention is constructed
so that a blade can be observed at the same position and in the
same viewing direction as at the time of taking a still image to
be recorded, based on the angle of elevation f3, the angle of
rotation y, and the two distances d1 and d2 without using the
insertion length L.

In the first embodiment, a possibility of the insertion sec-
tion 11a supported by the fixing implement F being unable to
be moved on only one fixed pivot point Ph because of the
existence of a gap between the insertion hole of the fixing
implement F and the insertion section 11a is considered and
insertion assistance is performed based on the insertion
length L, the angle of elevation {3, the angle of rotation y, and
the two distances d1 and d2 next time the borescope is
inserted. In the first embodiment, therefore, the insertion
length L of the inserted borescope 11 is detected and a match
between the detected insertion length I and the insertion
length of the borescope 11 when a recorded still image was
taken with the borescope 11 is determined before determina-
tion as to matches in the angle of elevation f3, angle of rotation
v, and two distances d1 and d2.

However, if a fixing implement F that enables the insertion
section 11a supported by the fixing implement F to move on
one fixed pivot point Ph is used, the position of the distal end
portion of the insertion section 11a from the access port AP
can be determined only from the sum of the two distances d1
and d2 without detecting the insertion length L., since the
distance between the two stator vanes changes so as to
decrease gradually from the access port AP toward the axis of
rotation, as described above with reference to FIG. 16.

FIG. 18 is a diagram explaining the state of deviation of the
distal end portion of the insertion section 11« in a case where
the opening diameter of an insertion hole Fa of a fixing
implement F is large. FIG. 19 is a diagram explaining the state
of deviation of the distal end portion of the insertion section
11a in a case where the opening diameter of an insertion hole
Fa of a fixing implement Ffis small.

The opening diameter of the insertion hole Fa of the fixing
implement F shown in FIG. 18 is large, and the opening
diameter of the insertion hole Fa of the fixing implement Ff
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shown in FIG. 19 is smaller than that of the insertion hole Fa
of'the fixing implement F. Therefore, the amount of deviation
SBb ofthe distal end portion of the insertion section 114 in the
case shown in FIG. 19 is smaller than the amount of deviation
SBa of'the distal end portion of the insertion section 114 in the
case shown in FIG. 18.

It this amount of deviation SBb is sufficiently small, and if
the position of the distal end portion of the insertion section
11a from the access port AP is uniquely determined only from
the sum of the two distances dl and d2, detection of the
insertion length L is not required.

In the construction of the blade inspection system in the
present embodiment is generally the same as the construction
of the blade inspection system 1 shown in the first embodi-
ment.

In the present embodiment, the distance sensor 32 used in
the construction of the borescope 11 shown in FIGS. 2 and 3
according to the first embodiment is not required, while the
acceleration sensor 27 and the two distance sensors 31a and
3156 are required.

As aresult, in the process shown in FIG. 8, information on
the insertion length L. not detected is neither displayed nor
recorded.

In the GUI 61 shown in FIG. 9, the insertion length infor-
mation display portions 64 A and 64B and the match indicator
67 are not required, while the other components are required.

In the process shown in FIGS. 10 and 11, information on
the insertion length L. not detected is neither displayed nor
recorded, and processing in step S23 and S24 is not required,
while the other process steps are required. The unnecessary
process steps are skipped and not executed.

Further, in the photographing information recording file,
the insertion length item is unnecessary.

Thus, in the present embodiment, processing with the sen-
sor for detecting the insertion length and processing relating
to information on the insertion length are not performed since
information on the insertion length is not used. However,
determination is made as to a match between the two dis-
tances d1 and d2 detected by the two distance sensors 31a and
316 of the borescope 11B and the two distances d21 and d22
recorded in the HDD 54. Therefore, the user can insert the
borescope 11B and determine the position and the viewing
direction of the distal end portion of the insertion section 11a
so that the position and the direction of the observation win-
dow are the same as at the time of finding a flaw or the like in
the preceding inspection.

In the above-described two embodiments, as described
above, ablade inspection apparatus and method can be imple-
mented that enable, in blade inspection, observation of a
blade at the same position and in the same viewing direction
as at the time of image pickup from the blade already per-
formed to obtain an inspection image.

The present invention is not limited to the above-described
embodiments. Various changes and modifications can be
made in the described embodiments without departing from
the gist of the invention.

What is claimed is:

1. A blade inspection apparatus for inspecting a plurality of
blades periodically disposed on a periphery of a rotating shaft
of a rotor of an engine and rotated on the rotating shaft, the
apparatus comprising:

a first attitude detection section provided in a first endo-
scope having a first insertion section, the first attitude
detection section detecting a first attitude of the first
insertion section; and

a first distance detection section provided in the first endo-
scope, the first distance detection section detecting two
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first distances from the first insertion section to two
objects along two directions perpendicular to an axis of
the first insertion section and opposite to each other.

2. The blade inspection apparatus according to claim 1,
further comprising a first insertion length detection section
that detects a first insertion length of the first insertion section
of the first endoscope when the first insertion section is
inserted through a hole provided in a casing in which the rotor
is housed.

3. The blade inspection apparatus according to claim 2,
further comprising:

a storage section that, when a still image of the blades
picked up by a second endoscope having a second inser-
tion section, a second attitude detection section that
detects a same attitude as the first attitude detected by the
first attitude detection section, and a second distance
detection section that detects same two distances as the
first distances detected by the first distance detection
section is obtained, stores a second attitude of the second
insertion section detected by the second attitude detec-
tion section, and two second distances from the second
insertion section detected by the second distance detec-
tion section;

an attitude comparison section that makes a comparison
between the first attitude detected by the first attitude
detection section and the second attitude stored in the
storage section;

a distance comparison section that makes a comparison
between the two first distances detected by the first dis-
tance detection section and the two second distances
stored in the storage section;

an insertion length comparison section that makes a com-
parison between the first insertion length detected by the
first insertion length detection section and a second
insertion length detected by a second insertion length
detection section and stored in the storage section when
the still image of the blade picked up by the second
endoscope having the second insertion length detection
section is obtained, the second insertion length detection
section detecting a same insertion length as the insertion
length detected by the first insertion length detection
section;

a first match output section that outputs match information
indicating that there is a match between the first attitude
and the second attitude based on a result of comparison
made by the attitude comparison section;

a second match output section that outputs match informa-
tion indicating that there is a match between the two first
distances and the two second distances based on a result
of comparison made by the distance comparison section;
and

a third match output section that outputs match information
indicating that there is a match between the first inser-
tion length and the second insertion length based on a
result of comparison made by the insertion length com-
parison section.

4. The blade inspection apparatus according to claim 3,
wherein the first, second and third match output sections
respectively output the first match information, the second
match information and the third match information to change
indications with predetermined first, second and third marks
displayed on a display device.

5. The blade inspection apparatus according to claim 1,
further comprising:

a storage section that, when a still image of the blades

picked up by a second endoscope having a second inser-
tion section, a second attitude detection section that
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detects a same attitude as the first attitude detected by the
first attitude detection section, and a second distance
detection section that detects same two distances as the
first distances detected by the first distance detection
section is obtained, stores a second attitude of the second
insertion section detected by the second attitude detec-
tion section, and two second distances from the second
insertion section detected by the second distance detec-
tion section;

an attitude comparison section that makes a comparison
between the first attitude detected by the first attitude
detection section and the second attitude stored in the
storage section;

a distance comparison section that makes a comparison
between the two first distances detected by the first dis-
tance detection section and the two second distances
stored in the storage section;

a first match output section that outputs match information
indicating that there is a match between the first attitude
and the second attitude based on a result of comparison
made by the attitude comparison section; and

a second match output section that outputs match informa-
tion indicating that there is a match between the two first
distances and the two second distances based on a result
of comparison made by the distance comparison section.

6. The blade inspection apparatus according to claim 5,
wherein the first and second match output sections respec-
tively output the first match information and the second match
information to change indications with predetermined first
and second marks displayed on a display device.

7. The blade inspection apparatus according to claim 5,
wherein the first and second attitudes are determined by incli-
nations of the first and second insertion sections from respec-
tive predetermined directions and by angles of rotation of the
first and second insertion sections on the axis.

8. The blade inspection apparatus according to claim 1,
wherein the two objects are stator vanes provided on a stator
of the engine.

9. A blade inspection method of inspecting a plurality of
blades periodically disposed on a periphery of a rotating shaft
of a rotor of an engine and rotated on the rotating shaft, the
method comprising:

detecting a first attitude of a first insertion section of a first
endoscope with a first attitude detection section pro-
vided in the first endoscope; and

detecting two first distances from the first insertion section
to two objects along two directions perpendicular to an
axis of the first insertion section and opposite to each
other with a first distance detection section provided in
the first endoscope.

10. The blade inspection method according to claim 9,
further comprising detecting a first insertion length of the first
insertion section of the first endoscope when the first insertion
section is inserted through a hole provided in a casing in
which the rotor is housed.

11. The blade inspection method according to claim 10,
further comprising:

making a comparison between a second attitude of a sec-
ond insertion section of a second endoscope detected by
a second attitude detection section when a still image of
the blades picked up by the second endoscope is
obtained and the first attitude detected by the first atti-
tude detection section, the second attitude detection sec-
tion being provided in the second endoscope, the second
attitude detection section detecting a same attitude as the
first attitude detected by the first attitude detection sec-
tion;
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making a comparison between two second distances from
the second insertion section detected by a second dis-
tance detection section when the still image of the blade
is obtained and the two first distances detected by the
first distance detection section, the second distance
detecting section being provided in the second endo-
scope, the second distance detection section detecting
same two distances as the first distances detected by the
first distance detection section;
making a comparison between a second insertion length of
the second insertion section detected by a second inser-
tion length detection section when the still image of the
blade is obtained and the first insertion length detected
by the first insertion length detection section, the second
insertion length detection section being provided in the
second endoscope, the second insertion length detection
section detecting a same insertion length as the insertion
length detected by the first insertion length detection
section;
outputting first match information indicating that there is a
match between the first attitude and the second attitude
based on a result of comparison between the first attitude
and the second attitude;
outputting second match information indicating that there
is a match between the two first distances and the two
second distances based on a result of comparison
between the two first distances and the two second dis-
tances; and
outputting third match information indicating that there is
amatch between the first insertion length and the second
insertion length based on a result of comparison between
the first insertion length and the second insertion length.
12. The blade inspection method according to claim 11,
wherein the first match information, the second match infor-
mation and the third match information are information items
for changing indications with predetermined first, second and
third marks displayed on a display device, respectively.
13. The blade inspection method according to claim 9,
further comprising:
making a comparison between a second attitude of a sec-
ond insertion section of a second endoscope detected by
a second attitude detection section when a still image of
the blades picked up by the second endoscope is
obtained and the first attitude detected by the first atti-
tude detection section, the second attitude detection sec-
tion being provided in the second endoscope, the second
attitude detection section detecting a same attitude as the
first attitude detected by the first attitude detection sec-
tion;
making a comparison between two second distances from
the second insertion section detected by a second dis-
tance detection section when the still image of the blade
is obtained and the two first distances detected by the
first distance detection section, the second distance
detecting section being provided in the second endo-
scope, the second distance detection section detecting
same two distances as the first distances detected by the
first distance detection section;
outputting first match information indicating that there is a
match between the first attitude and the second attitude
based on a result of comparison between the first attitude
and the second attitude; and
outputting second match information indicating that there
is a match between the two first distances and the two
second distances based on a result of comparison
between the two first distances and the two second dis-
tances.
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14. The blade inspection method according to claim 13,
wherein the first match information and the second match
information are information items for changing indications
with predetermined first and second marks displayed on a
display device, respectively.

15. The blade inspection method according to claim 9,
wherein the first and second attitudes are determined by incli-
nations of the first and second insertion sections from respec-
tive predetermined directions and by angles of rotation of the
first and second insertion sections on the axis.

16. The blade inspection method according to claim 9,
wherein the two objects are stator vanes provided on a stator
of the engine.
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